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Objective: To evaluate the possibility of access to the kidneys from posterior axillary line (PAL) in supine position 
for percutaneous nephrolithotomy. 
Materials and Methods: 102 consecutive patients who were candidated for abdominal CT scan, enrolled in this study. 
In cases of impossible access, the point on the posterior surface of body which permitted safe access was determined 
and the percent of movement toward body midline (relative to PAL) was calculated (M.PER). 
Results: Percutaneous access was simulated from upper and middle calyces of the kidney in 13% and 75% of cases, 
respectively. Access to the lower region was possible in 90% of right and 79% of left lower calyces, respectively 
(p=0.03). In cases with impossible access from PAL, the M.PER for a safe access was 46-47% for upper region and 34- 
38% for middle and lower calyces of the kidney (P = 0.0001). 
Conclusions: Access to upper calyces from PAL was limited in some cases regarding to the presence of solid organs. 
Presence of colon made access impossible in the lower right and left calyces in about 10% and 20% of cases, 
respectively. In upper region, more deviation toward midline was necessary to establish a safe access compared with 
middle and lower calyces. 
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The standard position for percutaneous 
nephrolithotomy (PCNL) is prone; however due to 
some disadvantages of prone position (circulatory and 
ventilatory problems, change of the patient position 
during operation, difficulty in conversion from spinal 
anesthesia to general anesthesia, intubation and 
contraindication in patients with some vertebral 
column deformities), supine position has been used in 
the recent years 
1,2
. The access to the kidneys in PCNL 
is limited by the presence of solid organs and colon 
within the access tract. There are some reports 
regarding the prevalence of total or partial retrorenal 
colon in supine and prone position 
3-12
. The judgment 
criterion in these studies was based on a coronal line 
drawn from posterior margin of the kidney 
8, 10, 13
; 
while in PCNL the access tract can be as lateral as a 
line drawn from posterior axillary line (PAL) to the 
posterior calyces. Furthermore, access to the upper 
calyces of the kidney is limited by the presence of solid 
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organs (liver and spleen). We found no relevant 
anatomical studies about the feasibility of percutaneous 
access in supine position regarding to the intervening 
access tract. Even though, there are some reports about 
the possibility of safe access from supracostal routes 
2,
 
14, 15, 16 
but we found no articles that explain the 
feasibility of supracostal access relative to external 
body anatomical landmarks like PAL. 
In this study, we aimed to assess the possibility of 
percutaneous access formation from PAL to the upper, 
middle and lower region of the right and left kidneys in 
supine position. 
 
Materials and Methods 
 
102 consecutive patients, who were candidated for 
abdominal computed tomography (CT) scan, were 
enrolled in this study. Patients with splenomegaly, 
hepatomegaly, renal mass, large renal cysts and large 
abdominal masses were excluded. A ureteral catheter 
was fixed to the PAL by adhesive tapes. Then patients 
underwent CT scan in the supine position using 1 cm 
slices. The patients were evaluated for the possibility 
of access formation by an expert radiologist using 
computer compact disks of digitally produced images. 
For determining the possibility of accessing, a 
supposed line was drawn from the external ureteral 
catheter on the CT image to the posterior calyces of the 





Figure 1. CT image shows simulation of the possibility of 
accessing to the kidney. Access was considered 
impossible when a solid organ or colon lied within the 
access tract (straight line of A), in the 1 cm vicinity of it 
or medial the access tract (curved line of B). 
Renal access was considered impossible when a solid 
organ, pleural cavity or colon lied within the access 
tract, in the 1 cm vicinity of it or medial to the access 
tract. We defined the farthest point on the posterior 
surface of body that permitted a safe access for patients 
with impossible access from PAL. The percent of 
movement toward midline from PAL that resulted in 
safe access was defined the farthest point on the back 
that permitted a safe access. The percent of movement 
toward midline from PAL that resulted in safe access 
was defined as M.PER (Fig.2). 
 
 
Figure 2. CT image shows simulation of access 
impossibility in the left and right upper pole due to the 
presence of edge of liver and spleen. D line has been 
drawn from midline. Point ɑ  is the junction of D line 
with patient’s skin contour on the posterior body surface. 
Line C is the farthest line from midline that permits a 
safe access. Point δ is the junction of line C with patient’s 





There were 47 male and 55 female with mean age of 
52.6±16.9 years old. Mean body mass index (BMI) of 
the patients was 25.1±4.4 kg/m². Reasons for referral 
of the patients have been summarized in table 1. The 
relationship between access possibility and patients’ 
age and sex have been presented in table 2. 
Higher success rate in simulation of upper pole access 
was achieved in older patients in both sides. We found 
no significant association between age and access to 
the lower calyces of the kidney. Access from PAL to 
the right middle and left lower calyces was more 
possible in patients with higher BMI. 
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Yes (N=14) 63.6±13.1 6(43) 10(71)  
No (N=87) 50.7±16.9 48(55) 42(48) 46.3±16.9 
Yes (N=77) 51.9±16.1 40(52) 45(58)  
No (N=24) 54.4±20.2 14(58) 7(29) 38.6±14.3 
Yes (N=91) 51.6±16.7 48(53) 49(54)  
No (N=10) 60.9±18.5 6(60) 3(30) 34.04±13.8 
Yes (N=13) 67.1±13.8 5(39) 5(39)  
No (N=89) 50.5±16.3 50(56) 47(58) 47.1±17.5 
Yes (N=76) 52.4±16.7 41(54) 42(55)  
No (N=26) 53.0±17.8 14(54) 10(39) 38.4±13.4 
Yes (N=81) 52.5±16.4 45(56) 49(61)  









GI/Hepatic cyst/mass¹ 11 
Uterine abnormality 6 
Kidney/bladder/prostate   abnormality² 18 
Blood dyscrasia 10 
Others 21 
1- Masses larger than 5 cm in the longest diameter were excluded from 
the study 
2- Kidney abnormality constituted small kidney cysts without 





Fig. 2 reveals the percent shift toward midline from 
PAL (defined previously as M.PER) that permits a safe 
access according to the definition of a safe access in 
this article. M.PER was nearly similar between 
corresponding calyces of right and left kidneys (p = 
0.741) and M.PER was almost similar for middle and 
lower calyces of the kidney (p = 0.08). Mean M.PER 
was 47-48% for upper and 34-38% for middle and 
lower regions (p = 0.0001). 
The possibility of accessing from PAL to the left and 
right kidneys in the upper, middle and lower calyces 
has been demonstrated in fig. 3. Percutaneous access 
was simulated from upper and middle calyces of the 
kidney in 13% and 75% of cases, respectively. Access 
to the lower region was successfully simulated in 90% 
of right lower and 79% of left lower calyces (p value = 
0.03). 





Our findings in this study revealed that access from 
PAL to the lower calyces of the kidney is more 
possible in the right side. There are some previous 
reports regarding successful supracostal access to 
upper region with acceptable complication rates and 






Figure 3. This Histogram shows the possibility of access 
formation to the left and right kidneys from posterior 
axillary line. 
 
In this study, the access tract from PAL to the lateral 
border of the kidneys and its 1 cm vicinity was used to 
judge about the presence of intervening solid organs. In 
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from PAL especially in the upper and middle regions, a 
slight shift of access from PAL toward midline may be 
led to create a safe access tract. The 75
th 
percentile and 
maximum M.PERs for upper calyces were 57% and 
78%,  respectively.  These  findings  imply  that  access 
establishment close to the vertebral  transverse 
processes resulted in safe renal access in the most of 
cases. This observation is compatible with the previous 
articles  that  reported  the  feasibility  of  supracostal 
access  in  PCNL  
14-16   
as  the  upper  calyces  of  the 
kidneys are closer to midline relative to their lower 
calyces, and then usually the access puncture site 
would be near to midline. 
There is scant data in the literature regarding to how 
far, if necessary surgeon can move away from midline 
to create a safe access. Our findings indicated that 
moving more than 22-23% toward PAL from midline 
in the upper calyces, increases the possibility of 
injuring a rim of liver or spleen, and moving more than 
45% in upper region, raises the possibility of coming 
across on intervening liver or spleen surface in more 
than 25% of the cases. There are a few studies about 
the clinical importance of percutaneous tract 
establishment when only a rim of liver intervenes the 
access tract based on radiologic findings. In patients 
without pre operative CT scan, we think that it is 
advisable to request intraoperative sonography if 
M.PER exceeds 25% supracostal access to exclude an 
intervening liver or spleen. 
Access from PAL to the middle region was simulated 
approximately 15% less than the lower calyces of the 
kidney. In most of these patients, the impossibility of 
access was due to the presence of liver or spleen 
margins in the right and left sides, respectively. In a 
few patients, the presence of retrorenal colon limited 
access to the middle calyces from PAL. As indicated 
above, in many of these instances, a more medial 
access route was successfully created. 
The average BMI for patients with possible accessing 
to the different regions of the kidneys (except for the 
left upper pole) was higher than patient who had 
impossible access. These differences were statistically 
significant for right middle and left lower calyces. The 
lower BMI in patients with possible access for the left 
upper  region  may  be  explained  by  the  relative  few 
number of patients who revealed possible access to the 
left upper calyces (N=5). This small number renders 
random error in estimating average BMI (Confidence 
interval 95% for BMI for patients with possible access 
to left upper region: 21.0-27.4). The 75
th 
percentile and 
maximum M.PERs for safe access to middle and lower 
were in the range of 57-67% and 43-57%, respectively. 
In fact, more than 65% movement toward midline from 
PAL permitted safe access in all patients. 
Lower pole access is limited by the presence of 
retrorenal colon. It seems that the colon may be the 
only organ to be at risk for injury during the simulated 
puncture  of  lower  calyces  of  the  kidney  
17
.  The 
presence of retrorenal colon was estimated from less 
than 1% to 14% in the previous reports 
4, 5, 8, 10, 11, 13, 18
. 
Recently, CT scan in 134 patients in prone position 
revealed retrorenal colon in females to be 13.4% on the 
right side and 26.2% on the left side 
19
. Risk factors for 
retrorenal colon are slim body, female gender, lateral 
tract, dilated pelvicalyceal system, colon obstruction 
and hypermobile kidneys 
6-12
. Thus, preoperative CT 
scan in prone position should be considered to identify 
retrorenal colon in patients with the aforementioned 
risk factors and may be ultrasonography or  CT 
guidance puncture necessary in these patients 
19
. In the 
previous reports, the judgment criterion for the 
presence of retrorenal colon was mostly based on the 




.  In  the  current  study,  the  tract  from  PAL  to  the 
posterior calyces of the kidneys, its 1 cm vicinity and 
the segment medial to it were introduced as a practical 
tool for safe entry into the kidneys in the most lateral 
tracts. Therefore, presence of colon lateral to the border 
of kidney but within the access tract was considered as 
a case of impossible access formation. 
 
This study includes the following limitations: 
• We accept that this study evaluated the theoretical 
possibility of a simulated access to the kidney from 
PAL in supine position and no actually renal 
puncture and access tract formation was 
performed. Thus, our findings may be not 
completely applicable in reality. 
• In this study, we included patients who were 
referred  for  abdominal  CT  scan.  However  we 
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excluded patients with masses in retroperitoneum 
that displaced kidneys and patients with 
considerable hepatic or splenic enlargement or 
displacement; perhaps, inclusion of normal persons 
may modify the final results. 
• Sample size was relatively small; therefore the 
power of statistical tests for detection of 
association between sex, age and BMI with access 
possibility was relatively low. 
• According to Tuttle study 
17
, the risk of injury may 
be overestimated by assessment of axial plane of 





The strong points of this study are: 
• The attachment of ureteral catheter to the skin on 
PAL was a practical simulation of the place that is 
the lateral limit of safe percutaneous access in 
PCNL. This place can be different when judged on 
the CT scan images. 
• We considered retrorenal colon as the presence of 
colon within the access tract from PAL to the 
posterior calyces of the kidney, its 1 cm vicinity or 
the medial segment to them. This is the exact 




Access to the upper pole of kidney from PAL is highly 
limited due to the presence of intervening solid organs 
in most of the patients. Lateral access to the lower 
region from PAL was possible in 90% of right and 
79% of left kidneys, respectively. The average 
movement toward midline from PAL that permitted a 
safe access was 47% for upper region and 36% for 
middle or lower calyces of the kidney. 
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